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ALUMINUM EXTRUDERS WORKING TOGETHER TO IMPROVE PRODUCTS, MARKETS, AND THE INDUSTRY

June 21, 2002

Ms. Brenda Edwards-Jones

U.S. Department of Energy

Office of Building Technologies Program
1000 Independence Avenue, SW
Washington, DC 20588

Dear Ms. Edwards-Jones:

The attached comments reflect the views of the Aluminum Extruders Council, and that of our
membership, with regard to the proposed Energy Star program for fenestration products. The
Aluminum Extruders Council is the trade association of the leading manufacturers of extruded
aluminum profiles in North America and throughout the world. As of January 1, 2002, there are
175 company members of AEC. Among those are 95 extruders that, combined, operate 202
aluminum extrusion plants. We appreciate the opportunity to comment on these critically
important issues.

Yours truly,

ALUMINUM EXTRUDERS COUNCIL

Rand A. Baldwin, CAE
President

Enclosures (6)
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COMMENTS OF THE ALUMINUM EXTRUDERS COUNCIL ON DEPARTMENT OF

ENERGY’S ENERGY STAR PROGRAM FOR WINDOWS

The Aluminum Extruders Council (AEC) appreciates the opportunity to provide
comments on the Department of Energy’s (DOE) proposed criteria for the ENERGY STAR
windows program. The AEC is very concerned that the proposal is detrimental to the
aluminum window industry and does not take a number of important factors into
account. AEC believes that aluminum windows have an important role as an energy
efficient product and the ENERGY STAR windows program should not be designed to limit
the use of these products. In particular, setting the southern zone U factor at < 0.65
eliminates non-thermally broken aluminum products from areas that require this product
for disaster resistance. Also, this zone uses the vast majority of its energy on cooling
needs as opposed to heating. Further, the proposed central zone is so large that setting
a single standard for a 4000 heating degree day (HDD) range involves unacceptable
trade-offs. Our comments are divided into several main topics: ENERGY STAR standards
relative to International Energy Conservation Code; the ENERGY STAR map accuracy for
the southern zone; disaster resistance structural issues; the central zone U factor;

durability; and life cycle costs.

AEC also recommends that DOE should not issue final standards until
completion of an ongoing study by the National Fenestration Rating Council (NFRC) on
durability of window systems. However, if DOE believes it must move ahead with new

ENERGY STAR standards before the completion of the NFRC durability study, the AEC
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endorses Proposal 7 analyzed in “An Evaluation of Alternative Qualifying Criteria for
ENERGY STAR Windows: May 8, 2002". Proposal 7 addresses several major AEC
concerns and saves more energy than the IECC and the current ENERGY STAR

requirements.

1. The Proposed ENERGY STAR Map/Logo Should More Accurately Reflect The

Southern Zone To Include All Areas With < 2000 HDD.

The proposed ENERGY STAR standards continue to divide the country into three
zones (north, central, and southern), but the heating-degree-day boundaries between
the three zones have shifted substantially. Because the southern zone has shrunk
dramatically (from areas < 3500 HDD to < 2000 HDD), the new southern zone MUST
also show the areas within California and Arizona (as well as a larger area of Texas)
that meet this criteria. There is simply no rational basis to exclude these areas that
meet this criteria from the map. If these areas meet the criteria set forth, the map must
include them. The alleged basis for alteration of the map is that DOE would like to keep
zones continuous for consumer simplicity, but map alterations to address AEC’s
concern would still create a label that allows consumers to easily identify the most
energy efficient subset of the market. Indeed, manufacturers whose products meet the
central zone requirements would also qualify for an ENERGY STAR rating in the southern
zone. This adjustment in the map/graphic is made all the more important by the greatly
diminished area of the country in which aluminum products can qualify for an ENERGY

STAR label. DOE’s analysis of the proposal asserts that it is concerned about continued
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use of aluminum; however, the proposed standards and map appear to belie that

concern.

2. Hurricane-Related Structural Integrity Should Be Considered In
Establishing Standards For The Southern Region As Well As Other Areas

That Are Prone To Hurricane Impact.

The IECC standard and the October 2001 proposed ENERGY STAR standard set a
U factor for the southern zone at < 0.75. Part of the rationale for the chosen U factor in
the southern zone was to keep non-thermally broken aluminum windows as an option to
meet structural integrity standards (disaster resistance) for hurricane codes. This would
allow aluminum-framed windows to continue to achieve an ENERGY STAR rating in the
southern zone. The current ENERGY STAR proposal would set the U factor at < 0.65. This
eliminates virtually all operable, non-thermally broken windows. In addition, few fixed,
non-thermally broken windows can meet the standard. Thus, as a practical matter, few
windows in these areas will both meet hurricane codes and achieve an ENERGY STAR

rating.

DOE gives little, if any, explanation for the change from a U factor of 0.75 to 0.65
and appears to disregard one of the most significant benefits of aluminum window
systems -- structural integrity for hurricanes, tropical storms and other high wind/rain
conditions. In the southern region, cooling loads almost totally dominate energy use, so
an emphasis on SHGC is very appropriate. The energy saved by dropping the U factor

from 0.75 to 0.65 is minimal (less than 6% of total energy savings — calculated from the
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October 2001 and May 2002 proposals) and more than offset by disaster resistance and

product availability issues.

Further, disaster-resistance (specifically hurricanes/tropical storms) issues
extend into areas beyond the southern zone. This is important in North Carolina, South
Carolina, Virginia, and even some coastal areas further north. In the last ten years, eight
hurricanes have struck in areas outside the southern zone (see Attachment 1). For
example, Charleston, South Carolina and Raleigh-Durham, North Carolina have
suffered major damage from hurricanes. Attachment 2 shows the storm wind speeds
and required building codes encountered on the East and Gulf Coasts. As a result,
numerous regions in this area have adopted (or are considering adopting) structural
standards for windows that rely on aluminum frames. At a minimum, DOE must include
a note on its map to indicate that the southern zone requirements are the appropriate
energy efficiency standards for hurricane prone areas in the mid-Atlantic / southeastern
states that have adopted disaster-resistance, structural integrity codes. To fail to do so
would do a major disservice to citizens who live in these areas who want both structural

integrity and energy savings.

3. The Central Zone U Factor Must Be Changed -- A Four-Tier System Should

Be Adopted.

The proposed central zone covers too large a region (2000 to 6000 HDD) and,

therefore, results in too many compromises in establishing ENERGY STAR requirements.
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Requiring an energy efficient window in Las Vegas to meet the same insulating

standards as an energy efficient window in New York City simply doesn’t make sense.

The proposed 0.40 U factor requirement for the central zone effectively
eliminates aluminum window products (thermally broken) from achieving an ENERGY
STAR rating. Offering consumers as many product choices as possible ensures
competition and helps keep costs low; thus, thermally broken aluminum windows sho/uld

remain in the mix of products that can qualify for an ENERGY STAR in this zone.

[n order to more rationally design the new program, ENERGY STAR should adopt a
four-tier system with 2000 — 3499 HDD as a south-central zone. Since most of the areas
with 2000-3499 HDD are concerned about cooling, as opposed to heating, the key
factor DOE should consider is SHGC. The U factor is much less important with respect
to cooling. Therefore, DOE should establish a U factor for this zone that provides
structural integrity for windstorms that hit these areas on a more-or-less routine basis.
Aluminum windows with a U factor of 0.65 combined with the SHGC of < 0.4 will provide
the optimum in cooling while meeting structural needs of consumers in these areas.
AEC recognizes the IECC code for these areas is 0.5. If DOE is compelled to look
beyond cooling and structural issues, there is no reason to go beyond the level set in

the IECC code.

A four-tier map would still provide an easy to interpret logo/graphic for

consumers. Many manufacturers will only market a product as ENERGY STAR if it meets
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requirements in every region, so subdividing the central region will not have a large
impact on the market. Even for those manufacturers that label products on a regional
basis, a four-tier map would not impose any significant additional burden. As to

confusion to consumers, a four-tier map provides better information to consumers, since

they can more realistically determine products that are appropriate to their region.

DOE has acknowledged in the analysis of the proposed standards that the
number of thermally broken aluminum framed windows that can meet a U factor < 0.4
are very limited and would be more expensive. Cost information from our members
indicates that decreasing the U factor of a thermally broken aluminum frame window
that meets a 0.5 standard to the proposed < 0.4 adds at least 20 to 25% to the cost of
the window. This cost increase would effectively remove efficient aluminum windows
from the market. DOE has already stated that cost issues are important in establishing
the requirements. For example, lower U factors could be achieved for the northern
zone, but this would generally require triple glazing at a premium of 30-50%. DOE
determined that this cost was too high to justify a lower U factor. The same logic must

be applied when determining the tiers for the central regions.

Product availability and price issues are very important to consumers. With an
adjustment of the U factor in the south central region, consumers will be able to choose
among wood, vinyl, and aluminum ENERGY STAR rated products. Other countries have
determined that it is important to keep aluminum products viable for other reasons

(particularly environmental, life cycle energy, and durability/structural). For example,
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Great Britain allows for slightly different U factors between aluminum and vinyl. Their
requirements are 0.38 for aluminum and 0.35 for vinyl modeled at a boundary condition
of 0 degrees F. Europe uses slightly different modeling, but if the U.S. modeled in the
same way, the resulting U factors would be 0.41 for aluminum and 0.38 for vinyl (see
Attachment 3). The United States should adopt a policy that keeps consumer choice
while meeting energy conservation objectives. By adopting the four-tier system, all

objectives would be met.

4. Durability Should Be Considered In Establishing Standards For All

Regions.

Because DOE assumes a 40-year life for windows, how well a window maintains
its energy saving properties (U factor and SHGC) over time is very important. Vinyl
windows may be able to meet lower initial U factors than thermally broken aluminum
windows in certain circumstances, but they are not as durable as aluminum windows
over the long term. As a result of deformation, vinyl windows will have unacceptable
rates of air leakage and a much lower effective U factor than aluminum windows. This
fact is supported by a 1994 study, “Durability Evaluation of Aluminum and PVC
Windows Subjected to Pressure and Temperature Cycling” (Attachment 4) which found
that vinyl windows suffer deformation over time. As one might expect, in all the
windows tested air-tightness performance degraded as cycling progressed, but
aluminum windows were superior to vinyl, particularly as the testing progressed.

Although one of the aluminum windows tested experienced a crack in a structural
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member (the type of manufacture used for this window is no longer in practice),
aluminum windows performed very well particularly compared with vinyl. At the end of
the test, all the aluminum windows met the minimum performance requirements for
ease of operation and air tightness (specified in CAN/CSA A440-M90) while the vinyl
windows did not. This air leakage/loss of insulating ability will offset any benefit gained
through the lower initial U factor and undermine energy savings assumptions (especially
considering 40-year window life) used by DOE in establishing ENERGY STAR
performance standards. As this study shows, DOE must consider durability in
establishing ENERGY STAR standards. However, AEC can find nothing in the record to
show that this factor has been considered in any way. It appears that only initial U

factors are considered.

NFRC is currently conducting the “Environmental and Ergonomic Exposure
Testing Program”. This program addresses the performance criteria of air leakage,
durability, and operating/breakaway force (Attachment 5). A total of 24 windows, made
of wood, vinyl, and aluminum are being tested. Final thermal tests will be conducted on
sealed and unsealed windows to determine the impact of air infiltration on U factor. The
test is scheduled to be completed by October 2002. AEC recommends DOE delay any
implementation of new ENERGY STAR standards until the results of this testing program

are known so they may be used in determining ENERGY STAR requirements.

5. DOE Should Consider Other Life-Cycle Costs In Determining ENERGY STAR

Requirements.
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In addition to the energy saved during its use, windows also consume energy
during their manufacture and ultimate disposal. AEC suggests that DOE consider full
life-cycle costs as part of its window-rating criteria. Aluminum windows offer lower life
cycle costs than vinyl products, as well as easier (and valuable) recycling. Less than 1%
of vinyl is recycled in the United States. Disposal of vinyl creates significant
environmental problems (e.g., releases of toxic materials into the air or water), whereas
more than 65% of aluminum is recycled in the U.S. Recycling aluminum for new
products uses less than 5% of the energy required when making aluminum from raw
materials. This creates tremendous energy and environmental benefits that should be
factored into DOE’s analysis. In addition, aluminum windows offer superior fire
resistance as well as superior performance in the event of the fire, particularly in the
area of toxic gas release. These factors apparently have not been considered by DOE
in developing this proposal. DOE should consider methods to evaluate these factors in

setting ENERGY STAR requirements.

6. It Is Not Necessary For ENERGY STAR Standards To Exceed IECC On

Principle.

AEC understands that ENERGY STAR was created to provide a “market pull” for
more efficient products. Although many states have adopted building codes with
requirements for energy efficient windows, these are almost always focused on new

construction. Given that replacement windows make up slightly more than half the
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windows’ market, ENERGY STAR can provide an incentive to fill an important gap in
energy savings. In setting new standards for ENERGY STAR, the DOE must consider how
far those standards should push efficiency beyond that of existing sales or the
International Energy Conservation Code (IECC), as well as the consequences of any
such standards. In many other ENERGY STAR product lines, there is no energy code-
setting body such as the IECC. We do not believe it is necessary for ENERGY STAR
requirements to exceed those of the IECC as a matter of philosophy. Because not all
states will adopt IECC and because most states only use this code for new construction,
even if ENERGY STAR standards are set at IECC standards, this will create an
opportunity for substantial market pull of window products classified as efficient by the
IECC. ENERGY STAR’s primary mission — to expand the market for energy efficient
products — will still be fulfilled, energy will be saved and other important factors

associated with the building industry will be addressed.

CONCLUSION

For the reasons stated above, DOE should consider a wider set of factors in
establishing ENERGY STAR standards for windows. DOE should modify the map to make
it more accurately reflect the heating and cooling needs in different regions of the United

States. AEC is ready to work with DOE as it undertakes this effort.

-10 -
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Attachments

1. Hurricane information fact sheet

2. Map with areas adopting disaster resistance structural codes and storm wind
speeds

3. Building Regulation Document L (Great Britain) for dwellings

4. Durability Evaluation of Aluminum and PVC Windows (complete report text).

5. Testing Criteria for NFRC’s Environmental and Ergonomic Testing Program.

-11 -



AEC Comments — Attachment 1

Hurricane Information Fact Sheet

Direct Hurricane hits on individual states form 1900-1996

State Total Number of Hurricane Direct Strikes
Maryland 1

North Carolina 25

South Carolina 14

Virginia 4

Source: NCEP home page

Hurricanes that have struck in Maryland, North Carolina, South Carolina, and Virginia
from 1989-2000 (direct strike and damage)

Maryland

Name of Hurricane  Year
Bertha 1998
Floyd 1999

North Carolina
Name of Hurricane  Year

Emily 1993
Felix 1995
Bertha 1996
Fran 1996
Bonnie 1998
Floyd 1999

South Carolina
Name of Hurricane  Year

Hugo 1989
Bertha 1996
Fran 1996
Floyd 1999
Virginia

Name of Hurricane  Year
Bertha 1996
Fran 1996
Danny 1997
Bonnie 1998
Floyd ‘ 1999

Sources: Washington Post.com, Power of Hurricanes Report, FEMA, Top 10 hurricanes, SC
climate office publication, National Weather Service, Public Information statement, Virginia
Hurricanes Past, Present and Future;, UNISYS, Hurricane data from 1995-2000; A History of
Hurricanes in North Carolina homepage
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AEC Comments — Attachment 3
Building Regulation Document L

L1 DESIGN AND CONSTR UCTION

::_?

Section 1: Design and Construction

Alternative methods of
showing compliance

1.1 Three mothods are shown tor
demanstrating reasonable provision for limiting
heat iegs through the bullding fabric;

al  An Elemental method:
) A Target U-value method:
¢} A Carbdn Index metnod.

1.2 The Elemantal Method can pe usad only
when ine beating system will be based on an
efficlant gas or all boilar, on a heal pump. on
community heating with CHP or on blogas or
nlamaes fusl, but net for dirser eleciric heating
or other systems. The Target U-valus Method
and the Carbon Index Method can be ussd with
any haating ayatem,

Elemental method

U-values for construction
elerments

1.3 The Elemental Mathod js suitabie for
nlieralions and exiension work, and for nsw.
build work when i is desirad 1o minimise
calculations. When using the Elememal
Mathad, the raquirement will ba msr far new
dwellings by selccting construction elements
that provida the U-valua tharmal perivrmances
given in Table 1,

1.4 One way of achiaving the U-values in Table

1 ls by providing Insulation of 8N appropriate

thlcknezs estimated frony the 1ables In Appendix
A. An alternstive for walls and roofs I 10 use
the sombined method of calculation outlined In
Appendix B and sst out in more detail in the
CIESE Quide Section A3 1899 Editian. An
alarnative for flaors (8 to use the dala glven In
Appendix C. An aliernative for basements is
given in tha BCA/NHBC Approved Document
“Basements for dwellings™',

1.6 Door deslgns can Includs vatious pane)
arrangements bul the indicative U-valuss glven
in Appendlx A, Table A1 wilf generally be
accepiable. Single-glazad panels can ba
acceptable in extarnal doors provided that the
heal loss through alf the windows, doors and
rooflights does not excoed that of the standard
provision given in paragraphs 1.8 to 1,10 below,

1.6 Care should bz taken in {ko sslection and
ingraliation of appropriate sealed double-glazeg
windews in ordsr sa avold tha rlak of
condensation forming betwoern the panes,
Guldance on avoiding this prosiam Is given in
BRZ Reaort No 282 "Tharmg' ~sitesinae
BvDIaINg MaKE". 20U eampn

Heating efficiency

1.7 Heasonable provision for ooiler efficiency
would o¢ demonsiraled by wsing a boiler with
SEDBUK” not Ipss than the aporopriate entry
in Table 2, '

Tabla 1 Elemental Method: U-values
(W/m*K) far canstruction

elements ,
Exposet Element U-valye
Pt roo! with msulation halwessn 0.2
tohora *
Prtched roof with Inteped! inaulation 025
['richad toot with insuiation netwean 018
Jorghs
Flat rpnt? [{Fe]
Witle, ingluting basement waliy 0.35
Finars. itwluding grownd fioows anel 0.28
bosomant Nosrg
Windows, doom und roafhights < 22
[arag weightas sveragn), plaxing v motal
frames
Wingows, doory anig ren/hyiix - 2.0

{arha wixghted averana), plozing In wagd
or FVC framost

wotarn {o Table 1 )
" Any mr:’ L8 100F bauing & e af 200 o* more 2o by tonmasred
& wig
For (he Slogily parts of & ream-n-theran! convrmen a8
matadiel aftaration, 3 Livaiis of 0 3 W/nEK WOl U Araponadis
*HOS! A Aah Ant Guakeing 118 :
Hoslights inciugé Rvot wmndgws
- Tl Wyl U vidgn lur st trgmiod wirdowy wlows inr qekdationgl
OIBY YUl dui 1o e grontar glezed proporian.

Minimum boller SEbBUK
to enable adoption of the
U-values in Table 1, and

Table 2

reference boiler SEDBUK .
for use in the Target U.value
Method

Contral hauting system fuel SEDRUK' 4

Malnz naturs! gus 78

LBg , 80

Qi BG:

Nufwe 4 Tahle 2

“ o Bt tar winen e SFDBUK & s BVBUARIC, tE SppnnanTE
seayoim! aificluncy vallre from Tadle b of the SAF nay b4 unsd
vl (o0 parsgraphi 0,174 18)
Far alkiired combsatinn nenisrg 5 SLOBUK, o1 2%, s culeulnivy
by e SAP-bY mothad, il Lo peLuplabie

£

Sonsoevation of fua! ang A
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DESIGN AND CONSTRUCTION
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L1

Areas for windows, doors and
rooflights

Standard Area Provision

1.8 The reguirement wauld be met i the
avgrage U-value of windows, doars and
rooflights matehas the ralevant tigure In Table 1
and tho area of the windows. doors angd
rooflights togather doas not exceed 28% of the
total floor area, ,

1.9 The averags U-value |5 an areda-weighted
average for the whole dwelling, and depends
on the individual U-values of the glazed
components and door sompanants propossd
&nd thair proportions af the total area of
openings. Examples of how the average
U-vaile (s caleulated are given in Appendix D.

Adapling the Standard Araz Provision for
particular cases

1.10 Areas of Windows, doors ang rooflights
larger than that glven Ip paragraph 1.8 may bs
adopted in paricular cases by using tho Target
U-value Mcthod 1o demonsirate gompllance.
Another oplion would be ta reduce the area of
windows. doors and rooflights to compensate
for a kigher average U-valus (i lower
performance glazing), Howeyer reducing
glazing area could load to fnadequate
daylighting,

Extensions to dwellings

.11 The fabrlc U-values given in Table 1 in e
Elemsmal Method can he applied whon
proposinhg extensions to dwellings. The Target
U-vajue and Carban Index Methods can ba
uszd anly if applied ta the whola enlarged
dwelling,

1,12 Only when applied to extension works, the
J-values in Table 1 may be varisd provided
that the otal tate of haat |0gs from the
extension is no higher than It would be It all
elements had the U-values given in Table 1,
The total rate of heat lass [5 the sym of {area x
U-value) for all exposed elements. As an
example, where the floor area and the roof ares
are squal, it would be acceptable for the roof
1o have a U-valug of 0,18 W/mK {f te floor
U-value Is 0.28 W/m'K.

1.13 For small extenslons to awaliings (for
exampla, graund-floar extension to alngle
rooms such as kitchen extensions in terraced
housas, porches where the new hoeated space
¢reatad has a floor area of not more than about
8 m’), reasaonable provisian would be to ues

construstion details that are no worss |n energy

parformance terms than those in the axisting
building.

1.14 The arsa-wsightad gverags Usvalie of
windaws, doors and rooflights ("openings”) In
extensions to exlsting dwellings should not
oaceed the relevant values in Table 1, An

appropriate area provision for openings for
exiensions could be established where:

a) the area of openings In the extension does
not excead 25% of the floor ares of tha
exiension plus the area of any windows or
doars In the oxlsting dwelling which, as a ragult
of the extension works, no longer exfst or arg
o langar exposed; or

b) the area of openings In the enlarged
dwelling does not exceed the nroa of openihgs
In the existing dwelling; or ,

) tha arsa of openings in tho enlarged
gwelling does net exceed 25% of the total floor
area of the enjarged dweliing.

Sumrmary of provisions in th
elemental method ‘

1,15 Diagram 1 summarises the fabrig
Insuwiation standards aind allowances for
windows. doors and rooflights glven In the
Elemental methind. Examples of the procedures
usod In this method are given in Appendices A
to C, For the caloulation of U-valuas of
slements adjacent 1o sn Unheated spacse. see
paragraph 0.8 in Saotion 0,

Dlagram 1 Summary of Elemental
Method
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*{f windaws i8ve waag or PVG friemae
Cf winguwls [avy iyl frgmes.
Includes the attect of ing unhoaisy SPESE (vee parugiani 0,8}
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Target U~value method for new
dwellings

1.16 Within certain limits, this method wllows
greater flexlbjlity than the Elamental Method in
selecting the areas of windows, dogsrs ans
roctlights, and the insulation levels of indlvigual

#1 Approvod Document - Liasements for dwelings,
NOANNBG, 1997, kIHN 0 T 10 {3086

“ SEDRUK i the Sausanal eaney of 8 Dormesus
Coller 14 11e UK, et Tha Giavetnments Slandurg
Agsesenient Procedirg for e ey Rating ol
Dwidlingy {wue prragraphs & {740, 18)

T

AT AN



AEMIWEE  wiaws e

WORK ON EXISTING DWELLINGS

kN W

L1

Section 2: Work on existing dwellings

Replacement of controiled
services or fittings

2,1 “"Contralled Service ar fitting” is dafined in
Regulation 2(1) of the Bullding Regulations
2000 (as amandad by the Bullding
(Amendment) Regulations 2001) as ‘g service
or ftting In relation to which Part G, H, J or L
of Sehadyule 7 imposes a requirament™.

2.2 The definition of bullding work in
Regulation 3(1) Includsas the provislon or
axtangion of & controlled sarvice or fitting In or
In connection with a building. This Is quglifiad
int Regutation 3(1A) as follows:

"The provision or exlension of & controllsd
sarvice or fitting ~

(&) Inorin connaction with an e)c:'sting
dwelling: and

(b) being a service or fitting in relatlon to
whith paragraph L1, but not Part G. H or
J. of Schedule 1 imposes a requirement,

shall only ba building work where that werk
consists of the provision of & winoow, =z ign®.
- rool window, door (being a door whicn ragstnar
with its frame has more than 50 per cont of its
internal face areq glazed), a space heating or
hot weter service tioiler, or a hot water vessel, "

2.3 Heaasonable provision where undertaking
replacement wotk on controlled sarvices or
fittings (whether replacing with new but
jdentical equipment or with different equipment
and whether the werk |s selsly In connsotlon
with centrollad services or includes work on
them) depends on the rlrcumstances in the
particular cass und would &l50 need to take
account of historic valus (see paragraph 2,9 et
seq). Possible ways of satlstying the
requirsments Include the following:-

a)  Windows, doors and rooflights. Where
those elements ars to ba raplaced, ptoviding
new draught-proofed ones either with an
avorage U-value not exceeding the appropriate
entry [n Table 1. or with a centre-pane U-valuc
not exceanding 1.2 W/m'K (the requirement does
not apply 1o repar work on parts of 1hese
elamnents, such as replacing broken glass or
sealed double-glazing units or replaging rotan
framing members). The replacement work
shoUld comply with the requirements of Parts L
and N. In additien the bullding should nol have
a worse lavel of compliance, atter the work,
with other applicable Parts of Sehaduls 1,
Thess may Include Pants B, F and J,

B) Heating boilers. Where healing hoilers
are lo be replaced In dwallings having a flsor
area graatar than 80mt, providing a rew boller
as if for a new dweliing i.e;-

(1) inthe case of ordinary oil or gas
boilers, providing a boller with a SEDBUK
not lass {han the approproate entry In
Table 2%, together with appropriata
cantrels following the guidanae starting at
paragraph 1.36, (In the case of
replatement hoilars installed (n the period
up 10 31 August 2002, It would ba
reasonable to provide a lass sfficient
boller provided the heating controfs
comply with specification HR2 or HC2
gives in GIL 58

{2) in the case of back bollgrs, previding
a boiler having a SEDBUK of nol less than
three percentage peinls Jower than the
appropriate entry in Table 2;

(8) inthe case of solid tugl boilers.
providing = poiler having an effitiency not
lesys then that recommended for Its type in
the HETAS certification scheme.

¢) Hot water vassels. When replacing hot
watar vess2is, reasonable provision would be
to provids new equipment as if for e new
dwelling following the guldance beginning at
paragraph *.43.

d) Holler and hot watar storage controls.
So that renlncemant bollers (Sther than sahd
fuel bollsrs and hot watsr vessols can achleve
reasonapie soasonal afficiency, the work may
also need 10 include replacement of tha time
switeh or programmar, room thermostat, and
hot water vessel thermostal, and pravision of a
baller interlock and fully pumped circulation,
Section 3 of GPG 902" gves mare advice on
how this can be done,

a) As an altzrnetive 10 a) fo d), following the
guidarice m. for example, GPG 158 % may be
acceptabls provided that an equivalent
improvement I the dwelling's Carbon Index is
achieved, :

f) Commissioning and providing operating
and maintenance instructions. Whera heating
and hot water syetemns are to be altersd as In
paragraphs (@) to (e}, reascnable provision
would &l include appropriate commissianing
and the provision of operating ang
maintenance Instructions following the
guldance in paragrephs 4.47 10 1.51,

For siawrs lor whigh {he SEDDUK s het availabilg, thie
HRRIODNMS wepuuridl efficiency valug forn Table 4b of v
SN =ny b et ndond thep paragraotiy 0,17:0.18).
Gl §2 2008 Gontral Meating system speciications
(Cnesl

GR3 322, 2001, Cantrals for semmtio contr hialing
A N2t wald, BEECSU,

GHG Yo, 200V Erergy aflicent refurbishaant o
oxfulies: hogegng, BRGOSLE

Afigtrosvwet Lionpmmyt LY

Consurvatisa of fusl snd soweor
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Durability Evaluation of

ALUMINUM AND PVC WINDOWS
Subjected to Pressure and Temperature Cycling

ABSTRACT

This report presents the results of durability evaluation of aluminum and PVC windows subjected to cycling
of pressure and exterior ambient and surface temperatures, Three window types of each material (total six
windows) were considered for this evaluation: a vertical slider, a horizontal sHder and a casement. The
test windows were sclected and acquired by CAN-BEST from major Canadian Mauufacturers based on
common, availability and demonstrated compliance with CAN/CSA. A440-M90 window standard.

The evaluation procedure comprised of monitoring the rate of air leakage through the test windows while
being subjected to cycling of pressure and temperature for a period of 29 days. During cycling, comparative
air leakage measurements were carried out on ail windows at 75 Pa (1.57 psf) pressure differential. In
addition, the overall effect of cycling on window performance with, respect to its ease of operation and air
tightness was determined by testing in accordance with CAN/CSA A440-M90 prior to and following cycling.

Pressure and Témperatmebycling
The test samples were subjected to superimposed cycling of pressure, and ambient and surface temperatures

for a period of 29 days.

Pressure Cycling - Pressure cycling was carried out between 0 and -1.5 kP2 (0 to -31 psf), equivalent to C1
rating, eontinuonsly at the rate of one cycle per minute (an average of 1,440 cycles per day) for the entire
duration of temperature cycling,

Temperature Cycling - Temperature cycling was performed in general accordance with ASTM’s draft procedure
prepared by subcommittee BOS0S1 "Standard Practice 0 Determine the Effects of Temperature Cycling Plus
Infrared Radiation on Fenestration Systems, Draft #15, March 22, 1993", 'The procedure was modified to
accommodate the superimposed pressuze cycling, whereby the specified exterior ambicnt low temperature
of -30°C was raised 10 -26° during cycling due to the increased cooling load imposed by the simpultaneous
pressure cycling of windows.

Ambient temperature cycling, between -26°C and 50°C (-15°F and 122°F) was carried out at the rate of four
cycles per day for 29 days. Surface temperature cycling between 21°C and 70°C (70°F and 158°F) messured
on a black surface was carried out, in phase with ambjent temperature cycling, at the rate of four cycles pet
day, .

Test Resolts

Alumiraen Windows: ‘

The aluminum windows exhibited general progressivé increase in air leakage rate during cycling, Following
29 days of cycling, the windows met the minimum performance level requirements fof ease of operation and
air tightness specified in CAN/CSA A440-M90 window standard.

PYC Windows:

The increase in air leakage rate proceeded at & higher rate than that of the aluminum Windows. Following
29 days of cycling, the PVC windows met the ¢ase of operation performance requirement. However, the
windows failed to meet the minimum air tightness performance level requixement of CAN/CSA A440-MX.
‘The air tightness rating fell below Al on the 19th day of eycting for both the vertical and horizontal sHders
and on the 27th day for the casement.
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1. INTRODUCTION

Canadian -Building Envelope Science and Technology (CAN-BEST) was retained
by the Aluminum Fxtruders Council (AEC) to evaluate the durability of alumirum
and PVC windows subjected, simultaneously, to cycling of pressure and exterior

' amibient and surface temperatures. Three window types of each material (total six

windows) were considered for this evaluation:” a vertical slider, a horizontal slider
and a casement,

The evaluation procedure comprised of monitoring the rate of air leakage through
the test windows prior to, during and following cyeling of pressure and temperature,
The ease of operation and air tightness of the test windows were evaluated prior
to and following cycling in accordance with CAN/CSA A440-M90 window standard.

This report covers tests carried out on one specimen of edch window type and
material prior to and following a specific conditioning process. Window
performance is affected by variations in dimensions, assembly details and
installation method. Therefore, the reported test results refer only to the specimen
tested. No representation is made that other samples of similar design will feature
like performance.

SELECTION OF TEST WINDOWS

The test samples were selected and acquired by CAN-BEST from major Canadian
Manufacturers based on common availability and demonstrated compliance with
CAN/CSA A440-M90 window standard. All the test windows were white int colour,
and having dimensions in accordance with CAN/CSA A440-M90 window standard
as follows: o :

v Vertical Siider, 1000 mun wide x 1600 mm high (394" x 63.0")

 Horizontal Stider, 1600 mm wide x-1000 mm high (63.0" x 39.4")

e Casement, 700 mm wide x 1600 mm high (27.5" x 63.0")

DESCRIPTION OF TEST WINDOWS

Table (1) presents a summary description of the test samples. Detailed description
of each test sample is found in Appendix (A).
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. TABLE (1): DESCRIPTION OF TEST SAMPLES
ngeow Window I}és&iption Glazing
1000 mm wide x 1600 mm high
Alv em(;fl Thermally broken aluminum (ﬁrgme and saa_sh}, :11251;1 Z:ilggu;i f;_
Stider vertically sliding, double. hung window consisting 1§ [ o umit
of two inward-tilting and sliding sash panels, g
each supported with one pair of sash balances.
1600 mm wide x 1000 mm high
Alominum . \
Horizontal | Thermaily broken aluminum frame, horizontally Doubclicsarzg, s;%;:"
Slider stiding, double run window consisting of two glaz: P
inner and two outer sliding sash panels
J— 700 mm wide x 1600 mm high Double-glazed
Casement | Thermally broken aluminum (frame and sash), iﬁcd insulating
outward-projecting casement window
1000 mm wide x 1600 mm high
PVvVC Non-reinforced PVC, thermally welded mitred Single run double-
Vertical | corners (frame and sash), double hung window | glazed sealed insu-
Slider consisting of twa inward-tilting and vertically lating wnit
sliding sash panels, each supported with one '
i pair of sash balances
1600 pim wide x 1000 mm high
PVC " . Single run double- -
. Nor-reinforced PVC, thermally welded mitred .
Ho;g:;tal corners (frame and sash), window consisting of i?;duﬁikd s
‘ fwo inward-tiiting and horizontally sliding sash &
panels
700 mm wide x 1600 mm high
PVC ) Double-glazed
Casement Non-reinforced PVC, thermally welded mitred sealed insulating
corners (frame and sash), outward-projecting unit
casement window
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4, EVALUATION PROCEDURE

4.1

4.2

The evaluation procmiurc comprised of monitoring the rate of air leakage through

" the test windows while being subjectedto cycling of pressure and temperature for

a period of 29 days. During cycling, comparative air leakage measurements were
carried out at 75 Pa (1.57 psf) pressure differential, in general accordance with
ASTM E283-91, with the exception of the environmental and sample temperature
conditions. The air leakage measurements were performed during the changeover
of the exterior ambient temperature from high to low, and while it was within 5°
of the interior ambient temperature,

INITIAL AND FINAL EVALUATION
The overall effect of pressure and temperature cycling on window performance with

respect to its ease of operation and air tightness was determined by testing in -

accordance with CAN/CSA A440-M90 prior to and following cycling. The initial
and final air tightness tests were carried out in accordance with ASTM E283-91
under standard laboratory temperature condition.

PRESSURE AND TEMPERATURE CYCLING

The test samples were subjected to superimposed cycling of pressure and exterior

ambient and surface temperatures for a period of 29 days.

Pressure Cycling: '

Pressure cycling was carried out between 0 and -1.5 kPa (0 to -31 psf), equivalent
to C1 rating. Pressure cycling was carried out continuously at the rate of one cycle
per minute (an average of 1,440 cycles per day) for the entire duration of
temperature cycling with the exception of 30 minute interruption during air leakage
testing. -

Pressure cycling was carried out in the outward direction for two reasous, one
technical and one practical. Pressure cycling in the outward direction presents a
more severé loading condition than that of the inward direction whereby the
casement locks and hinges are subjected to direct loading. Also, it is was more
practical to maintain a constant inside ambient temperature during cycling by
pressurizing the interior test chambre rather than the exterior ome.

As shown in Figure (1), a typical 60-second pressure cycle is composed of four
stages with durations as follows: i

Stage 1, 20-second pressure application stage, 0 to -1.5 kPa

Stage 2. 10-second pressure maintenance stage, -1.5 kPa

Stage 3. 10-second pressure release stage, -1.5 kPa 10 0

Stage 4, 20-second window recovery stage, no pressure




| ALUMINUM EXTRUDERS COUNCIL

DURABILITY EVALUATION OF WINDOWS

October 12, 1994 Aluminum and PVC
Report No. 1L94-15001-2 , Page 4 of 17
Temperature Cycling:

5

51

Temperature cycling was performed in general accordance with ASTM’s draft
procedure prepared by subcommittee E06051 “Standard Practice to Determine the
Effects of Temperature. Cycling Plus. Infrared Radiation on Fenestration Systems, Draft
#15, March 22, 1993". The procedure was modified to accommodate the
superimposed pressure cycling, whereby the specified exterior ambient low
temperature of -30°C was raised to -26° during cycling due to the increased ceoling
load imposed by the simultaneous pressure cycling of windows.

Ambient temperature eycling between -26°C and 50°C (-15°F and 122°F) was
carried out at the rate of four cycles per day. Surface temperature cycling was
carried out, in phase with the ambient temperature cycling, between 21°C (70°F)
and 70°C (158°F) measured on a black surface.

As shown in Figure (2), a typical six-hour exterior temperature cycle is composed
of six one-hour stages with durations as foHows:

Stage 1. ambient cooling siage, room temperature 16 -26°C

Stage 2. ambient low temperature maintenance stage, -26°C

Stage 3. ambient warm up stage, -26°C to room temperqrure

Stage 4.  heating stage, room temperature to +50°C ambient and +70°C black

, surface
Stage 5. high temperature maintenance stage, +50°C ambient and +70°C black
surface '
Stage 6. cool down stage, +50°C ambient and +70°C black surface to room

temperature

TEST RESULTS AND OBSERVATIONS )

Figures (3) and (4) show the decline in airtightness performance with cycling time
for the aluminum and PVC windows respectively. As indicated by the three curves
representing the three window types, the airtightness performance degrades as
cycling progressed. This increase in air leakage is attributed mainly to permanent
lineal shrinkage of the exposed weatherstrips and other PVC airseal companents.

ALUMINUM WINDOWS

The decline in the airtightness performance of the aluminum windows followed a
predictable trend since there was no observed structural failure. However, the
casement exhibited an unpredictable increase in air leakage rate towards the end

of cycling. This was caused by a longitudinal web crack developed in the slide-in,
hollow extruded PVC sash thermal break.
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51,1 Vertical and Horizontal Sliders

. Tables (2) and (3) present the initial and final results of testing for ease of
operation and air tightness tests along with the visual observations abtained for the
vertical and horizontal sliders respectively, Following 29 days of cycling, the test
windows maintained a clean visnal appearance, proper function, and good
performance. Furthermore, the windows met the performance requirements for
ease of operation. However, certain exposed pile weatherstrips and PVC
components exhibited substantial lineal shrinkage, which in turn, caused a
corresponding drop in the air tightness rating of both windows from A2 to Al

512 Casement

Tuble (4) presents the initial and final results of testing for ease of operation and
air tightness tests along with the visual observations obtained for the test sample.
Following cycling, the test window maintained a clean visual appearange, proper
funection, and good performance. Furthermore, the windows met the performance
requirements for ease of operation. However, on the 27th day of cycling, the slide-
in hollow extruded PVC sash thermal break developed a crack along the top and
bottom corners of the hinge-side stile, propagating to approximately 100 mm in
length at the end of cycling period (29 days).

The development of the thermal break crack is attributed to a fatigue failure -in

resisting cyclic and tensile stresses developed by a combination of the following:

o shear stresses developed by the bending action of the composite stile

e direct tensile stresses caused by the outward pull forces exerted by the exterior sash
section on the interior section during pressure application.

In a dry-dry glazing system, the applied outward pressure is transferred from the
sash to the frame via the thermal break and the sash’ points of attachment to the
frame (primarily the hinges and locks). Since the hardware is fastened to the
interior sections of the sash members, the total lateral load generated by the
applied pressure is transferred from the sash to the frame through the intermediary
thermal break, with the highest load concentration found pear the hardware
components, specifically the hinges which are located at the extreme ends of the
stile. :

In addition to thermal break failure, certain exposed pile weatherstrips and PVC
components exhibited substantial lineal shrinkage, which in turn, caused a
corresponding drop in the window’s air tightness rating from A3 to Al
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52  PVC WINDOWS

The decline in airtightness performance of the PVC windows proceeded at a higher
rate than that of the aluminum windows. The airtightness rating fell below Al-on
the 19th day of cycling for both the vertical and horizontal sliders, and on the 27th
day for the casement. o

Tables (5), (6) and (7) present the initial and final results of testing for ease of
operation and air tightness tests along with the visual observations obtained for the
vertical slider, horizontal shider and casement respectively. Following 29 days of
cycling, all windows maintained a clean visual appearance and proper function.
Furthermore, the windows met the performance requirements for ease of operation.
However certain exposed pile weatherstrips and PYC components exhibited
substantial lineal shrinkage, which in turn, caused a failure of all the windows to
meet the minimum air tightness requirement specified in CAN/CSA-A440.

6. CONCLUSIONS
Aluminum Windows:
The test windows exhibited general progressive increase in air leakage rate during
cycling. Following 29 days of cycling, the windows met the minimum performance
level requirements for ease of operation and air tightness specified in CAN/CSA

- Ad440-M90 window standard.

PVC Windows:
The increase in air leakage rate proceeded at a higher rate than that of the
aluminum windows. Following 29 days of cycling, the windows met the ease of
operation performance requirement. However, the windows failed to meet the
minimum air tightness performance level requirement of CAN/CSA A440-M90
window standard. The air tightness rating fell below Al on the 15th day of cycling
for both the vertical and horizontal sliders, and on the 27th day for the casement.

Respectfully submitted, e

CANADIAN BUILDING ENVELOPE

Science and Technology

Elie Alkhoury, PEng. M.Eng. (Building Science)
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; ALUMINUM WINDOWS
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PVC WINDOWS
80 T
0
et PG Yetticad S{ider
i $5.26
e VG Herizontal SHder
.. 8m ~
s A PVC Casament
g e 72
= CSA-AAD Baxdmun Limit forrt
c
[*]
e
o
w 500 #
p ™
g /Y
E A
e
&
a,
i
£ ' il
g Vs |
g 500 g A8
Q AT / Hr(
o re g~
g | . '/
8 o ik
o [
h- | 4
RIPT e adl "
» ‘ F'e
el i o o
F AN “
7 ;
1.00 { Mf{
.
e bbb {
o'w t 1 ) T T L 1§ { 1 1 I ‘ L 1 T T T T l T 1 ) )| T 1 T T T T

!
o 2 4 .6 & 1w 12 14 & B8 20 2 24 26
Cycling Time {Days)
Temparature: 4cycias (-26 (o +70_.aug. CJ porday. Pressure: 1cycls (0to-1.5KkFa) par minute

Figure (4): Window Air Leakage vs, Temperature/Pressure Cycling
[AECLXLWAEC-PYC2 XLC

28




" ALUMINUM EXTRUDERS COUNCIL

October 12, 1994
Repors No, LI4-15001-2

DURABILITY EVALUATION OF WINDOWS
Alurminum and FYC
Poge 10 of 17

TABLE (2): TEST RESULTS - ALUMINUM VERTICAL SLIDER

- PERFORMANCE ,
TEST & SPECIFICATIONS —
_ et . OBSERVATIONS
PASS PASS

EASE, OF OPERATION Tones Sash: Taner Saals
MAXIMUM FORCES TO INITL | Zuidater 80N | Jndiaer 80N
ATE AND MAINTAIN MOTION: | Maimaii 90N | Mabaaiz 80N

Jideizs < 00N (450 1) | Outer Sash: Outer Sush: it ﬁWmE

Moiniains < 100 N (225 1)) | bl BON | i 120N | OO CR scalag

Maintain:  J0N__ | Mainaine 95 N} oy the end of cyeling, o
ATR TIG (ASTH 5283)
Al: <279 m@ (050 cEm/t) i Al
A2 <168 ! (030 ctmit) ! 1
A3t < 055 T (010 cft) 062 w'm 260 u o
s

TABLE (3): TEST RESULTS - ALUMINUM BORIZONTAL SLIDER

D —_—_——
e e

PERFORMANCE
TEST & SPECIFICATIONS
Fatinl Fiaal OBSERVATIONS
PASS FASS
EASE OF OPERATION Inner Sash: Inner Sasht
MAXIMUM FQRCES TO BITI- | hifate 28N | Itlaee 30N
ATE AND MAINTAIN MOTION: | Maintaine  20M | Maintaln: 2N
Iuitiie: < 90 N (202 1b) Ouier Sashe Outer Sssh: Visiblc lineal shrinkage of all
Mauintain: < 45 N (10.1 15} Indtime: 30N | Inidate 3 N | weatberstrips progressively increasing
Maistain: 22N | Mamaim 4N
towards the end of cycling,
AIR TIG MSZM £283) A2 At
AL < 2.259 ih..m (0.50 cfmAt) .
A2z < LGS {0.30 cfmfy) 1 3 !
A3 < 055 wom (e 10 ey | O o o’ fhu
e ==
TABLE (4): TEST RESULTS - ALUMINUM CASEMENT
—— e e e w-T
TEST & SPECIFICATIONS S = '
Inittal Fisad OBSERVATTONS
EASE OF OPERATION .
MAXTMUM FORCES TC INITI- PASS PASS The slide-in hollow extruded PVC
ATR AND MAINTAIN MOTION: | Opemalor: LOpecaton: sash thermal break developed 2
Sask Lock . Inidlage: 3N Intiticte: 4N <rack alopg the top and bottom
Initiate: < 200 N (450 1b) Maintaine 20N Maintain: 8N coroers of the hinge-side atile on
Muieain: < 100 N (225 1b) Lock: Locks the 2Mh day of cycling. The crack
Inisia: 45N Irtricze: 8N resiched approximately 100 mm in
Iidates<s. 60 N (335 1b) Mainain: 40N | Muiain: 55 N | lcogth at the end of cycling (29
Mainin:< 30 N (6.75 1b) dayg).
Progressive 1ineal shrinkage of the
AIR 'I'iGHTNE?S ?M E283) A2 AL frame’s flexible PYC leaf
,;;’ < ‘i’ég 3/h.m (gég cfmrf:m§ weatherstrip and snap-in extruded
< m ( I -1 3 PVC components nezr the hkxks
A% < 058 mdmmd (010 chmt) 0.7 m"/ox 235 m bt and fame comers
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TABLE (5): TEST RESULTS - PVC YERTICAL SLIDER
o ) PERFORMANGE
TEST & SPECIFICATIONS —
: : . iodttal Flnal OBSERVATIONS
, : PASS PASS
EASE OF OPERATION Incer Sash: Inncr Sash: . .
AXUM FORCES TO INIL- | idase: 80N | fudaee 138 N | The Jest Wacow maiptained a clean
ATE AND MAINTAIN MOTION: | Mainai: 80N | Maiuain: 95N | o mw?‘;’f‘“‘.“ nc peoper
Initiaee: < 200 N (450 1) Outer Sasht Outer Sashe owing cycling.
Maintain: < 100 N (225 1b) Fidlate: %R | Hdare 145 N
Mainain: 85 N | Mainwain: 85N
AIR TIG (ASTM E283)
AL < 279 b (050 oty A FAILL
Az < 165m /h.m (030" cton/ft) 3, 1 -1
A% < 055 o (010 cfar) | 0S8 AT 572 ndut
TABLE (6): TEST RESULTS - PYC HORIZONTAL SLIDER
PERFORMANCE
TEST & SPECIFICATIONS — _ ORSERVATIONS
PASS PASS
EASE OF OPERATION Ioner Sash: Tnner Sashy:
MAXIMUM FORCES TO INITt- | Inidater 0N | Do 6N | The test window maintained x clean
ATE AND MAINTAIN MOTIOM: | Mafmain BN Mainaln; 40N visual appearance aod proper
Initigte: < 90 N {202 1b) Outer Sashs Quter Sashs function, following cycling.
Mainain: < 45 N (10.1 1) Initiate: 3ON | Inifase: 80N
Maintain: BN Maingin: 45 N
TIGHINESS (ASTM E283)
A <2 m L (050 ety A2 FAIL
Az < 165 (o;aa ctuvit) 3y o1 -
ool ruat {010 cfm/i) 082 w /ot 626 i
TABLE (7): TEST RESULTS - PYC CASEMENT
: PERPORMANCE
VEST & SPECIFICATIONS It T OBSERVATIONS
EASE OF OPERATION *
MAXIMUM FORCES TO INITI- PASS PASS
ATE AND MAINTAIN MOTIOR: | Operator: Operator;  °
Sash Lock ) Inldate; 20 N Initiate! 50N The test window maintafned a clean
Initlates < 200 N (454 1b) Manwin: G N Mainuaine 30N visuzl sppearance and pmoper
Maintain: < 100 N (225 1b) Lock: Lockz function following cyeling.
Iniiate: 30N Tniriate: 80N
Fitiaie:< 60 N (135 1b) Mainsaine 30N | Mabwaine  8ON
Mainain:< 30 N (8.75 1b)
ATR TIGHTNESS (ASTM E263)
ALz < 299 ol (050 A A3 FAIL
A2 < 1.65 mipmd (030 ofmvit) ESS <1
e S U5 Tl tato ity 021 /e 319 m’ o’
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DURABILITY EVALUATION OF WINDOWS
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Page 12 of 17

TABLE {Al): DESCRIPI‘ION OF TEST SAMPLE - VERTICAL SLIDER

— 155 . e

TYPE 1000 mm wide x 1600 mm high, thermally broken aluminum (frame and sashj,
vertically sliding, double hung, window consisting of two Inward-tilting and
sliding sash panels, each supparted with one pair of sash balanges.

FRAME

Material: | »  Extruded alumisum interior and exterior sections joined by a rolled-in
rigid extruded PVC thermal break
+  BExtruded rigid PVC thermal break cover and jamb liners
Assembly: | Matched-joint corners, mechanically fastened with four screws each
SASH
Material: | Extruded atuminum interior and exterior sections joined by 2 rolled-in rigid
extruded PVC thermal break '
Assembly: | Mitred-joint corners, mechanically fastened with three screws each
GLAZING .
Bpe: | Double-pane insulating glass unit, 21 mm finished overall thickness, cousisting
of two 3 mm thick sheets of glass separated by an aluminum spacer
Method: | Channel glazed with flexible extruded PVC glazing channel spline
WEATHERSTRIP
Frame: | «  Corners sealed with close-cell foam pad and flexible sealant
' «  One row of pile weatherstrip with a centre fin fitted to the head and sill
Sash: | *  Pile weatherstrip with a centre fin fitted to the stiles (2 rows) and rails
(1 row)
+  One tow of flexible extruded leaf deflector weatherstrip fitted to the
exterior side of the lift rail
HARDWARE :
Locks: { Four extruded aluminwn spring-loaded locks/lift handles (two per sash)
Balances: | Two pairs of strap spring sash balances with tilt shoes and pivot bars
Tiit Latches: | Two palrs of surface m mcunted PVC tilt latches
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TABLE (A2): DESCRIPTION OF TEST SAMPLE - HORIZONTAL SLIDER

b |

TYPE '} 1600 mm wide x 1000 mm high, thermally broken aluminum frame,
: horizontally sliding, doudle run, window consisting of two inner and two
outer sliding sash panels

Material: | « Bxtruded aluminum interior and exterior. sections joined by a rolled-in
rigid extruded PVC thermal break
« Fxtruded rigid PVC sill thermal break cover and snap-in PVC head track

liner with open-cell sponge spring strip
Assembly; | Matched-joint corners, mechanically fastened with four screws each

8ASH ' Extruded aluminum, mitred-joint, corners mechanically fastened wnh rigid
polystyrene corner keys and one screw each.

| GLAZING
\ Type: | Single-glazed with 3 mm thick sheet of float glass

Method: | Channel glazed with flexible extruded PVC plazing channel spline

WEATHERSTRIP
' Frame: | Corners sealed with close-cell foam pad and flexible sealant
Sash: | * Pile weatherstrip with a centre fin fitted to the rajls (2 rows), pull stiles

{2 rows) and meeting stiles (1 row)
+ Corners sealed with flexible sealant

HARDWARE
Locks: | Four extruded sluminum spring-loaded locks/pull handles (one per sash)

Sash Rollers: | Four pairs of nylon rollers
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TABLE (A3): DESCRIPTION OF TEST SAMPLE - CASEMENT

700 mm wide x 160Q mn high, thermally broken atuminum (frame and sash),

TYPE ,
outward-projecting casement window
FRAME
Material | Extruded aluminum interior and exterior sections joined by a rolled-in rigid
extruded PVC thermal break
Assembly:
Butt-joint corners, mechanically fastened with three screws each
SASK
Material: | Extruded aluminum interior and exterlor sections joined by a slide-in rigid
hollow extruded PVC thermal break
Assembly: | Mitred-joint corners, mechanically fastened with four screws each
GLAZING '
Hpe: | Double-pane insulating glass unit, 20 mm finished overall thickness,
consisting of two 3 mm thick sheets of glass separated by an aluminum
spacer
Method: | Laid-in glazed with interior extruded alummmn glazing stops and Interior
plazing spline
WEATHERSTRIP :
Frame; | One row of dual durometer extruded PVC leaf-type weatherstrip
Sash; | One row of woven pile weatherstrip with a ceatre double fin fitted to the
sash thermai break
HARDWARE
Locks: | Two steal die-cast lever locks mechamcaﬁy fastened to the jamb with two
seTews ¢ach
KReepers: | Two steel keepem mechax;ifééﬂy fastened to the stile with two screws cach
Operator: | One single arm roto-operator with steel die-cast crank handle
Hinges: | Two single arm hinges
Snubbers: | Noae

b
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TABLE (B1): DESCRIPTION OF TEST SAMPLE - VERTICAL SLIDER

A

TYPE

1000 mm Wide x 1600 mm high, double hung window cousisting of two inward-
tilting and vertically sliding sash panels, each supported with one pair of sash
balances,

Material:
Aszernbly:

Non-reinforced extruded rigid white PVC

Thermally welded mitred comem.

SASH
Material:

Assembly:

Non-reinforced extruded rigid white PYC

Thermally welded mitred corners

GLAZING

Method:

Double-pane insulating glass unit, 21 mx finished overall thickness, consisting
of two 3 mm thick sheets of glass separated by an aluminum spacer
Laid-in glazed with interfor extruded rigld PVC glazing stops

WEATHERSTREP
Frame:

Sash:

Oue row of pile weatherstrip with 2 centre fin fitted to the sill

Pile weatherstrip with & centre fin fitted to the stiles (3 rows), meeting rails
(1 row) and top il (1 row)

HARDWARE
Balances:

Tio steel die cast cam locks with steel keepers
Two pairs of strap spring sash balapces with tilt shoes and pivot bars
Two pairs of surface mounted PVC tilt latches '
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T TYPE . 1600 mm wide x 1000 mm high -window consisting of two inward-tilting and
" ' ' horizontally sliding sash pagels

Y .ALUMBVUM EXTRUDERS COUNCIL DURABILITY EVALUATION OF WINDOWS
Cetober 12, 1994 Abiminum and PYC

Report No. L94-15001-2 Page 16 of 17

TABLE (B2): DESCRIPTION OF TEST SAMPLE - HORIZONTAL SLIDER

Muaterial: | Non-reinforced extruded rigid white PVC

Assembly: | Thermally welded mitred coruers

SASH
Material; | Non-reinforced extruded rigid white PVC

Assembly: | Thermally welded mitred corners

GLAZING
Bpe: | Double-pane insnlating glass unit, 21 mm finished overall thickness,

consisting of two 3 mm thick sheets of glass separated by an aluminum

spacer

Method: | Laid-in glazed with interior extruded rigid PVC glazing stops

WEATHERSTRIP :
Sash: | Pile weatherstrip with 2 centre fin fitted to the rails (2 rows), meeting stiles
(1 row) and pull stiles (2 rows)

HARDWARE
Locks: | Two steel die cast cam Jocks with stes] keepers

Sasfs Rollers: | Two pairs of nylon. rollers
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DURABILITY EVALUATION OF WINDOWS

. . Alurninum and PYC
Page 17 of 17

TABLE (B3): DESCRIPTION OF TEST SAMPLE - CASEMENT

x - = 3 =
TYPE 700 mm wide x 1600 fim high outward-projecting casement window
Marerizl: | Non-reinforced extruded rigid white PVC

Assembly: | Thermally welded mitred corners

SASH
Material: | . reinforced extruded rigid white PVC

Assembly: Thermally welded mitred corners

GLAZING
Bpe: | Double-pane insulating glass unit, 22 mm finished overall thickness,
consisting of two 3 mm thick sheets of glass separated by an alumigum
spacer
Method: | Laid-in glazed with interior extruded rigid plazing stops
WEATHERSTRIF
Frame: | Two rows of extruded flexible PYC bulb-type weatherstrip
Sash: | One row of woven pile weatherstrip
HARDWARE
Locks: | One lever, three-point sash lock
Keepers: | Two steel keepers
Operator; | One single arm roto-operator with steel die-cast crank handle
Hz‘nge&: Two single arm hinges
Snubbers: | Two external steel snubbers mounted at one-third points
: ——— e e AR
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AEC Comments — Attachment 5

SUMMARY OF NFRC/AAMA TESTING CRITERIA

Test Criteria

Ambient Air Temperature Range - 20°F to 125°F
Surface Temperature 70°F to 160°F
Pressure Cycling ASTM E 1233

Air Infiltration Pressure Differential 1.57 psf

Motion Cycles 1000 (AAMA 910)
Pressure Cycles 100 (ASTM E 1233)

Operating Breakaway Force ASTM E 2086



